Abstract-A circuit realization is presented for generalized one-multiplier lattice discrete two-dimensional (2-D) filters. The proposed structure has a minimun mumber of delay elements and multipliers. Based on this circuit realization, the corresponding state-space realization-representation is derived. The dimension of the 2-D state-space vector is minimal and the corresponding transfer function is characterized by the all-pass property.
I. INTRODUCTION
The area of two-dimensional (2-D) systems has attracted considerable research interest in the past two decades with applications in the areas of signal and image processing, and computer tomography, among others [1] , [2] .
An interesting and nontrivial problem that has been considered is the realization of a 2-D system, described by a transfer function, with a minimal state-space model. The need to provide minimal realization arises not only out of hardware requirements but also because nonminimal realizations often cause theoretical or computational difficulties. Unfortunately, obtaining minimal realizations for 2-D systems is not always possible as in the case of one-dimensional (1-D) systems. For 2-D systems, minimal realizations exist only for systems with a special structure [3] - [11] , which include the following:
• continued fraction expandable;
• all-pole and all-zero;
• first-order DTLBR scalar functions;
• separable all-pass filters;
• discrete time lossless bounded real functions;
• separable and factorable;
• Kelly-Lochbaum lattice filters. In this paper, a circuit realization, for generalized one-multiplier 2-D discrete-time lattice filters is presented. The proposed structure has a minimal number of delays (2n) and multipliers (2n). Furthermore, based on this circuit realization the corresponding state-space realization having minimal dimension is derived. It is noted that the derived 2-D transfer function is characterized by the all-pass filter property as in the case of 1-D systems, having the denominator as a mirror-image of the numerator polynomial and vice-versa [9] .
Lattice filters, in 1-D, have been used in speech analysis, linear prediction, spectral estimation, adaptive signal processing and other areas [12] - [14] . It is noted that lattice filters have very interesting properties related to the stability of the system in the case where the multiplier or reflection coefficients are less than unity. Also, lattice filters have very good quantization properties. These properties have been studied, for the case of 2-D systems, by Matsumoto et al. [9] , Marzetta [15] , and Harris [16] . 
II. REALIZATION
In this section, the circuit realization and the minimal state-space realization for generalized one-multiplier discrete-time lattice filters are presented. The 2-D state-space model that is used, is of the Roesser type, with the following cyclic state-space vector structure [17] , [18] : and where the dimensions of the matrices A; b; c 0 are 2n22n, 2n21, 1 2 2n, respectively. The required transformations for converting the cyclic 2-D state-space model to the classical state space Roesser model and vice-versa are given in [18] .
Applying the 2-D Z transform on (1), its corresponding 2-D transfer function takes the following form:
where Z = diag [z1; z2 ; z1; z2 ; 111; z1 ; z2]:
A. Circuit Realization
Extending the results of Gray-Markel [19] for generalized one-multiplier lattice discrete 1-D filters to 2-D, the corresponding circuit realization for one-multiplier 2-D lattice filters is depicted in Fig. 1 . The new 2-D section has a minimal number of two delay elements, namely z 01 1 and z 01 2 . Note that the cascaded circuit implementation has the minimal number of delay elements (2n) and multipliers (2n). Having the minimun number of multipliers increases the speed of the processing, which is also one of the fundamental limits on the circuit throughput [14] .
In the next section, using the circuit representation of Fig. 1 , the corresponding state-space realization will be derived.
B. State-space Realization
In order to derive the state-space matrices A, b, and c 0 and the scalar 
Using (2) the corresponding 2-D transfer function of (4) 
In the above 2-D transfer function, the denominator polynomial is the mirror-image polynomial of the numerator and viceversa as in the all-pass systems [9] .
Example 2: For the case where n = 2, the state-space realization (3) takes on the form Clearly, the above 2-D transfer function (7) is characterized by the all-pass property.
III. CONCLUSION
A circuit realization and the corresponding minimal state-space realization was presented for generalized, one-multiplier section lattice discrete 2-D filters. The matrix-vectors A, b, and c 0 of the state-space model are of minimal dimension and were derived from the corresponding circuit implementation. It is noted that derived transfer functions are characterized by the all-pass property as in the 1-D case. The extension of the presented results to higher dimensions is straightforward.
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